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Abstract of JP 58109513 (A) 

PURPOSETo obtain efficiently the titled rubber with 
excellent physical properties, by dissolving 1,3- 
butadiene in an inert organic solvent, subjecting the 
solution to a 1,4-polymehzation reaction in the 
presence of a cis-1,4-polymerization catalyst and 
subjecting the mixture to a 1 ,2-polymerization 
reaction after the addition of a specified 1,2- 
polymerization catalyst. CONSTITUTIONS, 3- 

Butadiene is dissolved in an inert organic solvent. ^ 

The solution is further mixed with an ***** 

organoaluminum compound of formula!, wherein R 

is a 1-6C alkyl, phenyl, or cycloalkyl, and a cobalt 

compound which constitute a cis-1,4-polymerization 

catalyst, and subjected to a 1,4-polymerization.; 

After the addition of a 1 ,2-polymerization catalyst 

obtained from an organoaluminum compound of 

formula II and carbon disulfide, the reaction mixture 

is subjected to a 1,2-polymerization reaction to form 

the purpose polybutadiene rubber consising of 5- 

30wt% boiling h-hexane-insoluble portion and 95- 

70wt% soluble portion. Then, the unreacted 1 ,3- 

butadiene and the inert organic solvent are distilled, M 

recovered and recirculated. Jft 
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[57] ABSTRACT 

A polybutadiene rubber having an enhanced mechani- 



cal strength is produced in such a manner that the con- 
tent of water in a solution of 1,3-butadiene in an inert 
organic solvent is controlled to 0.2 to 5 millemoles per 
liter of 1,3-butadiene; a first polymerization mixture is 
prepared from the controlled 1,3-butadiene solution, an 
organic aluminum compound of the formula Al 
R«X3_/i, wherein R=Ci_6alkyl, phenyl, or cycloalkyl, 
X— halogen, and n= 1.5-2,0, and a cobalt compound, 
for example, by aging a mixture of the controlled 1,3- 
butadiene solution with the aluminum compound for at 
least one minute and then by admixing the aged mixture 
with the cobalt compound; the first polymerization 
mixture is subjected to a cis-l,4-polymerization; a sec- 
ond polymerization comprising the resultant cis-1,4- 
polybutadiene, non-reacted 1,3-butadiene, the inert or- 
ganic solvent, and a catalyst comprising an organic 
aluminum compound of the formula AIR3, a cobalt 
compound, and carbon disulfide is subjected to a 1,2- 
polymerization to produce a polybutadiene rubber con- 
sisting essentially of 5% to 30% by weight of a boiling 
n-hexane-insoluble fraction and 70% to 95% by weight 
of a boiling n-hexane-soluble fraction thereof and hav- 
ing an excellent mechanical strength; and after the 1,2- 
polymerization is shortstopped, the resultant polybuta- 
diene rubber is isolated from the 1,2-polymerization 
mixture. 



34 Claims, 2 Drawing Figures 
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PROCESS FOR PRODUCING POLYBUTADIENE 
RUBBER WITH ENHANCED MECHANICAL 
STRENGTH 

5 

FIELD OF THE INVENTION 

The present invention relates to a process for produc- 
ing a polybutadiene rubber having an enhanced me- 
chanical strength. More particularly, the present inven- 
tion relates to a process for producing a polybutadiene 
rubber comprising 5% to 30% by weight of a fraction 
insoluble in n-hexane at the boiling temperature thereof 
and 70% to 95% by weight of a fraction soluble in the 
boiling n-hexane and having an excellent mechanical ^ 
strength. 

DESCRIPTION OF THE PRIOR ART 

Large amounts of cis-l,4-polybutadiene, produced by 
polymerizing 1,3-butadiene in the presence of a cis- 1,4- ^ 
polymerization catalyst, are used as materials for tires 
and other rubber products. One of the reasons why 
large amounts of cis-l,4-polybutadiene are used in the 
rubber industry is that the rubber products produced 
therefrom exhibit high resilience, a low heat buildup, 2 < 
and superior abrasion resistance and, therefore, are 
superior to general purpose rubber products. Conven- 
tional cis-l,4-polybutadiene rubber products, however, 
suffer from the disadvantages of poor tear resistance 
and small cut growth resistance. 3) 

In order to eliminate the above-mentioned disadvan- 
tages of conventional cis-l,4-polybutadiene rubber 
products, Japanese Examined Patent Publication 
(Kokoku) No. 49-17666 discloses a new type of polybu- 
tadiene rubber produced by first polymerizing 1,3- 35 
butadiene in an inert organic solvent in the presence of 
a cis-l,4-polymerization catalyst and then second poly- 
merizing 1,3-butadiene in the presence of a 1,2-polymer- 
ization catalyst. The publication contains some exam- 
ples of processes in which polybutadiene rubbers are 40 
vulcanized and in which the resultant vulcanized rubber 
products exhibit excellent tear resistance and cut 
growth resistance. 

The above-mentioned process, however, has several 
disadvantages which have kept it from being utilized in 45 
the polybutadiene rubber industry. That is, in the sec- 
ond polymerization procedure, carbon disulfide is used 
as a catalytic ingredient of the 1,2-polymerization cata- 
lyst. After the first and second polymerization proce- 
dures are completed, however, the carbon disulfide 50 
cannot easily be separated from the non-reacted 1,3- 
butadiene and the inert organic solvent, especially, from 
the non-reacted 1,3-butadiene. Also, carbon disulfide 
causes some undesirable side reactions when contacted 
with a halogen-containing organic aluminum com- 55 
pound in the absence of water, particularly in the pres- 
ence of a cobalt compound. Products of such side reac- 
tions hinder the polymerization of 1,3-butadiene. Ac- 
cordingly, it is essential to handle the carbon disulfide 
very carefully so as to prevent the above-mentioned 60 
side reactions. 

Under these circumstances, a strong demand exists in 
the polybutadiene rubber industry for a new process for 
continuously producing a polybutadiene rubber having 
enhanced tear resistance and cut growth resistance in 65 
addition to excellent impact resilience and abrasion 
resistance and overcoming the disadvantages incurred 
with use of carbon disulfide. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
process for producing a polybutadiene rubber having 
enhanced mechanical strength, for example, excellent 
tear resistance cut growth resistance, and abrasion resis- 
tance. 

Another object of the present invention is to provide 
a process for producing a polybutadiene rubber wherein 
the carbon disulfide used as a catalytic ingredient of the 
second polymerization catalyst can be easily separated 
from non-reacted 1,3-butadiene and the inert organic 
solvent. 

The above-mentioned objects can be attained by the 
process of the present invention which comprises the 
succesive steps of: 

(A) mixing 1,3-butadiene with an inert organic sol- 
vent to provide a 1,3-butadiene solution; 

(B) controlling the concentration of water contained 
in the 1,3-butadiene solution to from 0.2 to 5 millimoles 
per liter of the 1,3-butadiene solution; 

(C) subjecting a first polymerization mixture, which 
comprises the controlled 1,3-butadiene solution and a 
cis-l,4-polymerization catalyst comprising: 

(a) an aluminum catalytic ingredient consisting of at 
least one organic aluminum compound of the for- 
mula (I): 

AlR„X 3 _ fl (D 

wherein R represents a member selected from the 
group consisting of alkyl radicals having 1 to 6 
carbon atoms, a phenyl radical, and cycloalkyl 
radical; X represents a halogen atom, and n repre- 
sents the number of 1.5 to 2.0; and 

(b) a cobalt catalytic ingredient consisting of at least 
one cobalt compound, to a cis-l,4-polymerization 
to convert at least a portion of the 1,3-butadiene 
contained in the first polymerization mixture to 
cis- 1 ,4-polybutadiene; 

(D) subjecting a second polymerization mixture, 
which comprises the resultant cis- 1 ,4-polybutadiene, 
non-reacted 1,3-butadiene, organic solvent, and 1,2- 
polymerization catalyst comprising: 

(c) a cobalt catalytic ingredient consisting of at least 
one cobalt compound, 

(d) an aluminum catalytic ingredient consisting of at 
least one organic aluminum compound of the for- 
mula (II): 

MR3 01) 

wherein R is the same as defined above; and 

(e) carbon disulfide, 
to 1,2-polymerization to provide a polybutadiene rub- 
ber consisting essentially of 5% to 30% by weight of a 
boiling n-hexane-insoluble fraction and 70% to 95% by 
weight of a boiling n-hexane-soluble fraction thereof; 

(E) stopping the 1,2-polymerization by adding a poly- 
merization shortstopper to the resultant second poly- 
merization mixture; and 

(F) isolating the resultant polybutadiene rubber from 
the stopped second polymerization mixture. 

In the process of the present invention, the first poly- 
merization mixture may be prepared by mixing the 
controlled 1,3-butadiene solution of step (B) with the 
1,4-polymerization catalyst or may be provided by ad- 
mixing the controlled 1,3-butadiene solution of step (B) 
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with the aluminum catalytic ingredient (a) by aging the In step (C), a first polymerization mixture comprising 
resultant admixture for at least one minute and, then, by the controlled 1,3-butadiene solution and a cis-1,4- 
mixing the aged mixture with the cobalt catalytic ingre- polymerization catalyst is subjected to a first polymeri- 
dient (b). zation procedure. The cis-l,4-polymerization catalyst 

Also, in the process of the present invention, after the 5 comprises (a) an aluminum catalytic ingredient consist- 
resultant polybutadiene is isolated from the stopped ing of at least one organic aluminum compound of the 
second polymerization mixture, the isolation residue formula (I): 
can be processed for elimination of the carbon disulfide 

and for recovery of a mixture of the non-reacted 1,3- AiR«X3- ff (I) 

butadiene and the inert organic solvent substantially 10 

free from carbon disulfide. wherein R represents a member selected from the group 

consisting of alkyl radicals having 1 to 6 carbon atoms, 

BRIEF DESCRIPTION OF THE DRAWINGS a phenyl radical, and cycloalkyl radical, preferably, 

FIG. lis a flow sheet of an example of the process of having 5 to 7 carbon atoms; X represents a halogen 
the present invention in which a first polymerization 15 atom » preferably, a chlorine atom; and n represents the 
mixture is prepared by directly mixing a controlled number of 1.5 to 2.0 and (b) a cobalt catalytic ingredient 
1,3-butadiene solution with a cis-l,4-polymerization consisting of at least one cobalt compound which is 
catalyst and in which an inert organic solvent having a soluble in the inert organic solvent used for dissolving 
boiling point higher than that of 1,3-butadiene is used; U-butadiene therein. 

FIG. 2 is a flow sheet of another example of the pro- 20 ^ or g amc aluminum compound of the formula (I) 
cess of the present invention in which an inert organic IS Preferably selected from the group consisting of di- 
solvent having a boiling point higher than that of 1,3- etn y ! aluminum monochloride, diethyl aluminum 
butadiene is used and in which a first polymerization monobromide, dnsobutyl aluminum monochloride, and 
mixture is prepared by aging a mixture of a controlled e ™£ a ^mmum sesquichlonde. 
1,3-butadiene solution with an aluminum catalytic in- 25 Tne cobalt compounds usable for the cis-l,4-poIym- 
gredient and then by mixing the aged mixture with a enzatl °n catalyst are not limited to a specific type of 
cobalt catalytic ingredient. compound as long as the cobalt compounds are soluble 

in the inert organic solvent contained in the 1,3-butadi- 
DETAILED EXPLANATION OF THE ene solution. Preferably, the cobalt compound is se- 

INVENTION 30 lected from the group consisting of cobalt-ketone com- 

In step (A) in the process of the present invention, a pX ™f exam Pte> cobalt (II) acetylacetonate and 
1,3-butadiene solution is prepared by mixing 1,3-butadi- c ? balt a cetylacetonate; cobalt-ketoacid ester com- 
ene in an inert organic solvent. In this step, it is prefera- p exes ' for u f a °JP^ cobalt acetacetic ethylester com- 
ble that the amount of 1,3-butadiene be at least 3%, „ Plexes; cobdt sdts of organic carboxylic acids havmg 6 
more preferably, 3% to 40%, based on the sum of the 35 °\ m ° TG c * rbon fo ' FF 1 ^ coba ^ 

weight of 1,3-butadiene and the inert organic solvent. cobal na P h * henate > *f cobalt benzoate; cobalt hahde 

The inert organic solvent is not limited to a specific ; com P lexe j> f ° r f* a £P le > «*eh chlonde-pyndme corn- 
type of liquid compound as long as the solvent is able to ' ple *^ and °? balt .^cohol complexes; and 
dissolved therein the cis-l,4- P oly butadiene produced in 40 cobalt complexes coordmated with butodiene, for exam- 
step (C). Usually, the inert organic solvent consists 40 ple ' u O^^ene) l-(2-methvl-3^ 
essentially of at least one member selected from the °° balt wh j cb flexes are prepared by mixing cobalt 
group consisting of aromatic hydrocarbons, for exam- c ™P° un ? s with an organic aluminum compound, or- 
ple, benzene, toluene, and xylene; aliphatic hydrocar- ■ . ] g*£<j^ 

bons, for example, n-heptane and n-hexane: cycloali- 45 ^tu' a 1 f nC " ■ - . t~ j i. 

phatic hydrocarbons, for example, cyclohexane and 45 The first polymenzation nuxture can be prepared by 
cyclopentane; and halogenated derivatives of the ™ ' h f v "°Hnn i^^^Z^ T 
above-mentioned hydrocarbons, for example, dichloro- 

methane and chlorobenzenes. f! rst ^Tf? TT w- P T£ , V S 

t„ mi „f t *u * • *u the controlled 1,3-butadiene solution with the alummum 

^n Jntri } f P , ? 7 esent invention, the 50 cata3ytic ingredient {a>) consisting of at least one or . 
~ t of , wa ? e t r c ° ntalned ln , the l»3-b«tad.ene ^ com ^ und of the formula (la): 
solution is controlled to a desired value in the range of v 
from 0.2 to 5 millimole, preferably, from 0.5 to 5 milli- air 2 x (la) 

moles, per liter of the 1,3-butadiene solution. The con- 
trol of the water concentration can be effected by any 55 wherein R and X are the same as defined above, by 
conventional water-controlling method. aging the resultant mixture for at least one minute and 

A concentration of water in the 1,3-butadiene solu- then by admixing the aged admixture with the cobalt 
tion less than 0.2 millimole/1 or more than 5 mil- catalytic ingredient (b). 

limoles/1 will result in an unsatisfactory yield of cis-1,4- In the above-mentioned first polymerization mixture- 
polybutadiene in step (C). If it is found that the concen- 60 preparation method including the aging procedure, it is 
tration of water in the 1,3-butadiene solution prepared important that the mixture of the controlled 1,3-butadi- 
in step (A) is the same as that desired, the 1,3-butadiene ene solution with the aluminum catalytic ingredient be 
solution can be directly subjected to step (C). The niea- aged for one minute or more in the absence of the cobalt 
surement and control of the water concentration can be catalytic ingredient. This aging procedure is effective 
carried out by a conventional method. Before the con- 65 for enhancing the catalytic activity of the resultant 
trolled 1,3-butadiene solution is subjected to step (C), it cis-l,4-polymerization catalyst, for restricting forma- 
is preferable that the solution be cooled to a tempera- tion of a gel in the first polymerization step, and for 
ture of 10° C. or less. restricting deposit of polymer (including the gel) onto 
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the inside surface of a vessel in which the cis-l,4-polym- lecular weight of the resultant cis-l,4-polybutadiene can 
enzation is carried out. The above-mentioned effects of be controlled by adding a molecular weight modifier to 
the aging procedure are also effective for prolonging the first polymerization mixture. The molecular weight 
the lifetime m which the vessel can be continuously modifier preferably consists essentially of at least one 
used for not only the cis-l,4-polymerization but also the 5 member selected from non-conjugated diene com- 

1.2- polymenzation. pounds, for example, cyclooctadiene and allene (isoally- 
The above-mentioned effects of the aging procedure lene), ethylene, and a-olefin compounds, for instance 

can be further enhanced by preventing contamination propylene andbutene-l. 

of water into the aged mixture after the aging procedure In order to prevent the formation of a gel in the cis- 

is completed. 10 1,4-polymerization, it is preferred that an anti-gellirig 

If a mixture of the inert orgamc solvent and the alu- agent be added to the first polymerization mixture The 
minum catalytic ingredient (a') is aged in the absence of anti-gelling agent may be selected from conventional 

1.3- butadiene or if a mixture of the controlled 1,3- anti-gelling agents 

butadiene solution with the cobalt catalytic ingredient After the cis-l,4-polymerization procedure is com- 

(b) is aged, the above-mentioned effects of the aging 15 p i e ted, a second polymerization mixture containing the 

procedure are extremely small. It is thus impossible to resultant cis-l,4-polybutadiene in step (B) and non- 

prevent the deposit of the cis- ,4-polybutadiene onto reacted U-buiadiene, which are dissoLd in the inert 

thec 1S -l,4-polymenzation vessel organic solvent,, and a 1,2-polymerization catalyst is 

™ « P/° c f d ; re of th f nrixture cons,sting of the subjected t0 a 1,2-polymerization. The second polyme f- 

controlled 1,3-butad.ene solution and the alumuium 20 ization mixture ca!i be prepared by mixing the resultant 

» V cTTc cto F c ' r r T efera - ^^S^^^SJ^S-Z 

bly, 10 C. to 50 C If the aging time is less than one been preferably cooled to a temperature of 10° C. or 

SZ ab0Ve " menti0ned ef " 25 l-s. In this case, it is preferred that the amount of the 

Aftfr the f£f /nr?f d H ■ , non -»*<*«l 1,3-butadiene in the second polymerization 

After the agmg procedure is completed, the aged mixture be in the range of from 3 % to 3 ^/ b . h 

m^ure ^preferably cooled to a temperature of 10' C ^ 1,2-polymerization catalyst compri^a cobali 

!u l I u IT, - C °° led J" ^ «s then adtmxed catalytic ing^m ( c ) consisting of at least one coM 

Se is stoef C atalyt,Cmg ""^W^ lle the ^mix- 30 compound, an aluminum catalytic ingredient (d) con- 
It is preferable that the cjs- 1,4-polymerization cata- Sftom^ £?* ^ °' 

lyst contain the aluminum catalytic ingredient (a) or (a') 

in an amount of at least 0.1 millimole, more, preferably, air 3 01) 

from 0.5 to 50 millimoles, per mole of 1,3-butadiene in 35 

the first polymerization mixture. Also, it is preferable wherein R is the same as defined above, and another 

that it contain the cobalt catalytic ingredient (b) in an catalytic ingredient (e) consisting of carbon disulfide, 

amount of at least 0.001 millimole, more preferably, at The cobalt compounds usable for the cobalt catalytic 

least 0.005 millimole, still more preferably, from 0.007 ingredient (c) can be selected from the same group of 

to 0.07 millimoles, per mole of 1,3-butadiene in the first 40 cobalt compounds as those usable for the cobalt cata- 

polymerization mixture. Furthermore, it is preferred lytic ingredient (b). 

that the cis- 1,4-polymerization catalyst have a molar The aluminum compounds of the formula (II) are 

ratio of the aluminum catalytic ingredient (a) or (a') to preferably selected from the group consisting of triethyl 

the cobalt catalytic ingredient (b) of at least 5;1, more . aluminum, trimethyl aluminum, triisobutyl aluminum, 

preferably, at least 15:1, still more preferably, from 50:1 45 and triphenyl aluminum. 

to 500:1. The carbon disulfide is preferably free from water. 

The resultant first polymerization mixture is sub- Each of the catalytic ingredients may be fed, in the 

jected to the cis- 1,4-polymerization at a temperature of, form of a solution thereof in the inert organic solvent or 

preferably, from -20° C. to 80° C, more preferably, in 1,3-butadiene, to the second polymerization mixture, 

from 5° C to 50° C, for a polymerization time, i.e., the 50 The solution is preferably cooled to a temperature of 

average time for which the first polymerization mixture 10° C. or less. 

resides in the cis- 1,4-polymerization vessel, of from 10 In the second polymerization mixture, the amount of 

minutes to 10 hours, while the mixture is stirred in the the 1,2-polymerization catalyst is variable depending on 

vessel. The polymerization vessel for the cis-l,4-polym- the types of the catalytic ingredients, component of the 

erization is not limited to a specific type of vessel. For 55 catalyst, and the polymerization conditions. However, 

example, a polymerization vessel with a high viscosity it is preferred that the cobalt catalytic ingredient (c) be 

stirring apparatus, for instance, as disclosed in Japanese used in an amount of 0.005 millimole or more, prefera- 

Examined Patent Publication (Kokoku) No. 40-2645, bly, from 0.01 to 5 millimoles; the aluminum catalytic 

can be used for carrying out the cis-l,4-polymerization ingredient (d) in an amount of at least 0.1 millimole, 

procedure. 60 preferably, from 0.5 to 50 millimoles; and carbon disul- 

In the cis«l,4-polymerization procedure, it is pre- fide (e) in an amount of at least 0.001 millimole, more 

ferred that the resultant polybutadiene contain 90% or preferably, from 0.01 to 10 millimoles, each per mole of 

more, more preferably, 95% or more, of cis-l,4-struc- 1,3-butadiene in the second polymerization mixture, 

ture and exhibit an intrinsic viscosity of 1.5 to 8.0, more In the case where the type of the cobalt catalytic 

preferably, ^1.5 to 5.0, determined in toluene at a temper- 65 ingredient (b) in the cis- 1,4-polymerization catalyst is 

ature of 30° C. the same as that of the cobalt catalytic ingredient (c) in 

In order to produce the cis-l,4-polybutadiene having the 1,2-polymerization catalyst, the cis-l,4-polymeriza- 

a desired intrinsic viscosity [rjjtoluene 30* C, the mo- tion catalyst may contain the cobalt compound in an 
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amount necessary for both the first and second poly- obtained. The boiling n-hexane-msoluble fraction usu- 
merization procedures. In this case, the second poly- ally exhibits a melting point of from 180° C to 215' C. 
merization mixture can be prepared by mixing the resul- After the polybutadiene rubber is isolated from the 
tant first polymerization mixture which contains the polymerization mixture, the isolation residue is sub- 
cobalt catalytic ingredient, in the necessary amount for 5 jected to a recovery procedure in which the non- 
the 1,2-polymerization catalyst, with the aluminum reacted 1,3-butadiene and the inert organic solvent, 
catalytic ingredient and carbon disulfide. which are substantially free from carbon disulfide, are 

The second polymerization mixture is subjected to recovered, 
the 1,2-polymerization procedure preferably at a tern- i n the recovery procedure, the non-reacted 1,3- 
perature of from —20° C. to 80" C, more preferably, 10 butadiene and the inert organic solvent are recovered 
from 5° C. to 50° C. for 10 minutes to 10 hours, under by means of distillation. The carbon disulfide is elimi- 
either atmospheric pressure or increased pressure. nated by means of adsorption thereof on an adsorbing 

The 1,2-polymerization procedure is carried out by agent or of addition reaction thereof with a reactant 
stirring the second polymerization mixture in a poly- capable of reacting with carbon disulfide and of forming 
merization vessel. Since the second polymerization mix- 15 an addition reaction product insoluble in the inert or- 
ture exhibits a high viscosity during the 1,2-polymeriza- gaiuc so i V ent, soluble in water, or having a boiling point 
tion procedure, the resultant polymer tends to deposit significantly higher than that of 1,3-butadiene and the 
onto the surface of the polymerization vessel. There- inert orgaiuC solvent. 

fore, it is preferable that the polymerization vessel be In a recoV ery method, first, a mixture of the non- 
provided with a device for removing the deposited 20 reacted 1,3-butadiene, the inert organic solvent, and 
polymer, as described in Japanese Examined Patent car b on disulfide is distilled from the isolation residue of 
Publication No. 40-2645. the i f 2-poly merization mixture. Then, the carbon disul- 

After the 1,2-polymerization procedure is completed, fide fe removed from the distilled mixture by means of 
it is preferred that the resultant 1,2-poIymenzation mix- the adsorption of the addition reaction, 
ture which contains the resultant polybutadiene rubber, 25 ^ another recovery me thod, carbon disulfide is elim- 
non-reacted 1,3-butadiene, carbon disulfide, cobalt cata- inatfid frQm ^ is0 , ation residue of ^ 1,2-polymeriza- 
lytic ingredient(s), aluminum catalytic ingredients, and ^ mixture , means Qf ^ adsorption or the addition 
inert organic solvent be moved to a polymenzation reaction so ^ to provide a remaining solution free from 
shortstoppmg vessel and that a polymerization short- disulfide Then, the non-reacted 1,3-butadiene 

stopper be added to the ,2-polymenzation mixture so 30 c ^ m recovered from the 

as to shortstop the 1,2-poIymenzation. remaining solution by means of distillation. 

The polymerization shortstopper is not limited to a "^^JSto method, first, a mixture of 

specific type of compounds as long as the compounds * non . reacted ^-butadiene and carbon disulfide is 

can be reacted with the aluminum compounds of the 4 .„ " i A r ' ? _ , ^u, m »*i™ti™ 

formula (II) so as to deactivate the aluminum catalytic 35 distilled from the residue of he £^pafy™a™tton 
ingredient (d). Usually, the polymerization shortstopper m,xt . ure ~ as to.prov.de a t d.st.llatic » ' 
consists of at least one member selected from aliphatic he mert organic solvent and bemg substantia^ y free 
alcohols, for example, methyl alcohol and ethyl alcohol; ^om carbon disulfide; econd, the carbon disulfide is 
water; inorganic acids, for example, hydrochloric acid "hmina ed frora the distiUed mixture by means of he 
and sulfuric acid; organic acids, for instance, acetic acid 40 adsorption or the add. ion reachon so as to prov^e the 
and benzoic acid; monoethanolamine; ammonia; phos- n °"-« ac ^ 1,3-butadiene substantially free from ca - 
phorous esters, for example, tris(nonylphenyl)phosph- bon disulfide; ^^^^^ of 
ite; and hydrogen chloride gas. The polymerization "cwewd from the distillation residue by means of 

shortstopper may be in the form of an aqueous solution distillation. ..... M.„ir,A* ;« *a 

' alcoholic solution 45 In the adsorption elimination, carbon disulfide is ad- 

After the 1,2-polymerization procedure is terminated, sorted by an adsorbing agent consisting of, for example 
the resultant 1,2 polymerization mixture is subjected to a basic anion exchange resin which usually contains 
a step for isolating the resultant polybutadiene rubber amino radicals. This adsorption elimination can be car- 
therefrom. This isolation can be effected by adding a ried out either ,n a batch-type procedure or m a flow- 
precipitating agent, for example, methyl alcohol to the 50 type continuous procedure at a temperature of from 5 
polymerization mixture or by evaporating volatile sub- C. to 60° C. for a contact tune of from one to 60 min- 
stances from the polymerization mixture while blowing utes. The basic anion exchange resin can be selected 
or not blowing steam into the polymerization mixture, from commercial basic anion exchange resins for in- 
so as to cause the polybutadiene rubber to deposit from stance, Amberhte IR-45 (trademark, made by Rohm & 
the polymerization mixture. The deposited polybutadi- 55 Haas), Diaion WA-21 (trademark, made by Mitsubishi 
ene rubber is separated from the polymerization mix- Chemical Ind.), Dowex 3 (trademark, made by Dow 
ture, washed with methyl alcohol or hot water, and Chemical), and Duhte A-7 (trademark, made by 
then dried Diamond Shamrock). When the adsorption elimination 

' In order to protect the polybutadiene rubber from is carried out in the batch-type procedure, it is prefera- 
degradation.it is preferred that an anti-oxidant be added 60 ble that the basic anion exchange resin be used in an 
to the resultant polymerization mixture during the amount of from 0. 1 to 10 parts by volume per 100 parts 
shortstopping procedure, or be added to a slurry of the by volume of the liquid containing the carbon disulfide, 
polybutadiene rubber. When the flow-type continuous procedure is applied to 

In the 1,2-polymerization procedure, a polybutadiene the adsorption elimination, it is preferable that the car- 
rubber consisting essentially of 5% to 30%, preferably, 65 bon disulfide-containing liquid be passed at a space 
7% to 15% by weight of a boiling n-hexane-insoluble velocity of from 2 to 15 through the adsorbing agent, 
fraction and 70% to 95%, preferably, 85% to 93%, by The term "space velocity" refers to the quotient of the 
weight of a boiling n-hexane-soluble fraction thereof, is flow rate of the liquid in nP/hr with the volume of the 
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adsorbing agent in m 3 and is usually expressed by an The process of the present invention will be further 
absolute number. explained by referring to the accompanying drawings. 

In the adsorption elimination of carbon disulfide, it is In FIG. 1, fresh 1,3-butadiene contained in a tank 1 is 
preferable that the basic anion exchange resin be introduced into a mixer 3 through a conduit 20 and a 
swollen with an inert organic solvent before the resin is 5 recovered solution of 1,3-butadiene in an inert organic 
brought into contact with the carbon disulfide-contain- solvent having a higher boiling point than that of 1,3- 
ing liquid. butadiene, for example, benzene, from a tank 2 into the 

The adsorption of carbon disulfide by a weak basic mixer 3 through a conduit 21. The fresh 1,3-butadiene 
anion exchange resin causes a small amount of hydro- and the recovered 1,3-butadiene solution are mixed 
gen sulfide (H2S) to be generated by a side reaction. 1° with each other in the mixer 3 to provide a 1,3-butadi- 
Therefore, it is preferable that the adsorption residue ene solution having a desired concentration of Il- 
liquid be washed with water or be treated with a strong butadiene. The 1,3-butadiene solution is introduced 
basic anion exchange resin, for example, Diaion PA-316 from the mixer 3 into a mixer 4 through a conduit 22. In 
(trademark, made by Mitsubishi Chemical Ind.), to order to control the concentration of water in the 1,3- 
eliminate the H2S from the residual liquid. 15 butadiene solution to a desired value, water is fed into 

The resultant carbon disulfide-adsorbed anion ex- the conduit 22 through a water-supply conduit 23. The 
change resin can be reactivated by washing it with an 1,3-butadiene solution is uniformly mixed with water in 
acid aqueous solution and then with an alkali aqueous the mixer 4. The resultant controlled 1,3-butadiene solu- 
solution. The adsorbed carbon disulfide is recovered by tion is supplied into a cis-l,4-polymerization vessel 5 
the above-mentioned washing operation. The recov- 20 through a conduit 24. An aluminum catalytic ingredient 
ered carbon disulfide is refined and then is recycled to and a cobalt catalytic ingredient are fed into the vessel 
step (D). 5 through a conduit 25 and a conduit 28, respectively. 

In the addition reaction elimination of carbon disul- Also, a molecular weight modifier consisting of, for 
fide, a carbon disulfide-containing liquid is brought into 25 example, cyclooctadiene and an anti-gelling agent con- 
contact with a reactant which is capable of producing sisting of, for example, dilauryl-3,3'-thiodipropionate 
an addition reaction product with carbon disulfide. The are fed into the vessel 5 through a conduit 26 and a 
resultant addition reaction product must be insoluble in conduit 27, respectively. The resultant first polymeriza- 
the inert organic solvent, be soluble in water, or have a tion mixture is stirred in the vessel 5 to produce a cis- 
boiling point higher than that of 1,3-butadiene and the 3Q 1,4-polybutadiene. The resultant polymerization mix- 
inert organic solvent. The reactant usually consists of at ture containing cis- 1,4-polybutadiene is transferred 
least one nitrogen-containing compound, for example, from the vessel 5 to a 1,2-polymerization vessel 6 
selected from the group consisting of aliphatic amine through a conduit 29. A cobalt catalytic ingredient is 
compounds, for example, melamine, guanidine, ethyl- supplied to the vessel 6 through a conduit 30, an alumi- 
ene diamine, 1,6-hexamethylenediamine, 1,12- 35 num catalytic ingredient consisting of the aluminum 
dodecamethylenediamine, diethylenetriamine, diethyl- compound of the formula (II) is fed into the vessel 6 
amine, n-octylamine, n-lauroamine, and di-n-butyla- through a conduit 31, and carbon disulfide is fed into the 
mine; aromatic amine compounds, for example, aniline, vessel 6 through a conduit 32. The aluminum catalytic 
2,4-diaminophenol, 2,4-diaminotoluene, 2,6-diaminotol- ingredient and/or carbon disulfide may be fed into the 
uene, 2,2'-diaminodiphenylmethane, 2,4'-diaminodi- 40 conduit 29. The resultant second polymerization mix- 
phenylmethane, 4,4'-diaminodiphenyImethane, o- ture in the vessel 6 is stirred so as to allow the cis-1,4- 
phenylenediamine, m-phenylenediamine, p- polybutadiene and the non-reacted 1,3-butadiene to be 
phenylenediamine, 3,5-diaminobenzoic acid, p- converted to a polybutadiene rubber consisting essen- 
diaminoazobenzene, 4,4-disminodiphenylamine, benzi- tially of 5% to 30% by weight of a boiling n-hexane- 
dine, 3,3-diaminobenzidine, 1,2,4,5-tetraminobenzene, 45 insoluble fraction and 70% to 95% by weight of a boil- 
p,p'-diaminodiphenyloxide, piperidine, and benzyl- ing n-hexane-soluble fraction. During the 1,2-polymeri- 
amine; and cycloaliphatic amine compounds, for exam- zation procedure, a polymer insoluble in the inert or- 
ple, cyclohexylamine and cyclopentylamine. ganic solvent deposits from the polymerization mixture 

The nitrogen-containing reactant is added to a carbon onto the inside surface of the vessel 6 and the viscosity 
disulfide-containing liquid. The amount of the reactant 50 of the polymerization increases. Therefore, it is prefera- 
is preferably in the range of from I to 20 moles per mole ble that the 1,2-polymerization vessel 6 have an agitator 
of carbon disulfide contained in the liquid. The mixture equipped with a device for removing the deposited 
of the reactant with the carbon disulfide-containing polymer from the inside surface of the vessel, 
liquid is stirred at a temperature of from 5° C. to 60° C. The resultant polymerization mixture in the 1,2- 
for from 5 to 120 minutes so as to promote the reaction 55 polymerization vessel 6 is introduced into a polymeriza- 
between the reactant with carbon disulfide. The resul- tion shortstopping vessel 40 through a conduit 33. Also, 
tant addition product is separated from the mixture by a polymerization shortstopper is fed into the vessel 40 
washing the mixture with water, distilling the mixture, through a conduit 34 so as to shortstop the 1,2-polymer- 
filtering the mixture, or centrifuging the mixture. ization. The polymerization shortstopped mixture is 

After the recovery procedure is completed, the resul- 60 introduced into an isolating apparatus 7 through a con- 
tant mixture of 1,3-butadiene and the inert organic sol- duit 35. In the isolating apparatus 7, the resultant poly- 
vent, which mixture is substantially free from carbon butadiene rubber is isolated so as to leave an isolation 
disulfide, can be recycled to step (A). In this case, if Tesidue containing non-reacted 1,3-butadiene, the inert 
necessary, necessary amounts of fresh 1,3-butadiene and organic solvent, and carbon disulfide. The isolated 
inert organic solvent are added to the recycled mixture 65 polybutadiene rubber is removed through a passage 8. 
to provide a desired amount of the 1,3-polybutadiene The isolation residue is introduced into an apparatus 9 
solution having a desired concentration of 1,3-butadi- for eliminating carbon disulfide from the isolation resi- 
ene . ~ due by means of adsorption or addition reaction. The 
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eliminated carbon disulfide is removed from the appara- ■ determined by means of nuclear magnetic resonance 
tus 9 through a passage 10. ' 'spectrum (NMR). 

The residue containing the non-reacted 1,3-butadiene ■■" The melting point of the boiling n-hexane-insoluble 
and the inert organic solvent and retained in the appara- : fraction of the polybutadiene rubber was determined 
tus 9 is fed into a distillation apparatus 11 Which may be 5 from a temperature at a peak point appearing in an 
composed of a single distillation column or of two or endothermic curve of the polybutadiene rubber mea- 
more distillation columns, through a conduit 37. In the sured by a recording differential scanning calorimeter 
distillation apparatus, a mixture of the non-reacted 1,3- (DSC). 

butadiene and the inert organic solvent, which mixture The intrinsic viscosities ft] of the boiling n-hexane- 
is substantially free from carbon disulfide, is recovered 10 soluble fraction of the polybutadiene rubber and of the 
and in introduced into the tank 2 through a conduit 38. cis-l,4-polymerization product were determined in tol- 
A distillation residue containing a high boiling point uene at a temperature of 30" C. 

substance is removed from the distillation apparatus 11 The reduced viscosity [qsp/c] of the boiling n-hex- 
through a passage 12. Referring to FIG. 2, the appara- ane-insoluble fraction of the polybutadiene rubber was 
tus is composed of the same devices as those indicated in 15 determined in tetrahydronaphthalene at a temperature 
FIG. 1, with the following exceptions. That is, an aging of 135° C. 

vessel 13 is inserted between the mixer 4 and the cis-1,4- The concentration of carbon disulfide in a carbon 
polymerization vessel 5. The mixer 4 is connected to the disulfide-containing liquid was determined by using a 
aging vessel 13 through the conduit 24 and a conduit 25 gas chromatograph equipped with a flame spectropho- 
for feeding an aluminum catalytic ingredient of the 20 tometer and containing therein a filler consisting of 
cis-l,4-polymerization catalyst is connected to the con- chromosolve 102 (trademark, made by Gasukuro 
duit 24. The aging vessel 13 is connected to the cis-1,4- Kogyo Co., Ltd.). 
polymerization vessel 5 through a conduit 39. 

The controlled 1,3-butadiene solution is mixed with Example 1 

the aluminum catalytic ingredient in the conduit 24 and 25 A solution containing 23.7% by weight of 1,3-butadi- 
the resultant mixture is aged in the aging vessel 13 for a ene dissolved in benzene was dehydrated by using a 
predetermined time period. The aged mixture is fed into dehydrating column. The dehydrated 1,3-butadiene 
the cis-l,4-polymerization vessel 5 through the conduit solution was mixed with 40 mg/1 (2.2 millimoles/1) of 
39 and is mixed in the vessel 5 with a molecular weight water and the mixture was stirred so as to allow water 
modifier fed through the conduit 26, an anti-gelling 30 to be dissolved in the 1,3-butadiene solution. The resul- 
agent fed through the conduit 27, and a cobalt catalytic tant controlled solution was cooled to a temperature of 
ingredient fed through the conduit 28. — 3" C, the was continuously introduced at a flow rate 

The above-mentioned aging procedure is effective of 50 1/hr into a cis-l,4-polymerization vessel. The ves- 
for reducing the amount of the cobalt catalytic ingredi- sel was a stainless steel autoclave having an inside vol- 
ent necessary for obtaining the cis-l,4-polymerization 35 ume of 20 liters and equipped with double helical-type 
catalyst having a satisfactory catalytic activity. Accord- stirring paddles and a jacket for controlling the temper- 
ingly, the resultant polybutadiene rubber contains a ature of the contents of the autoclave. An aqueous solu- 
reduced amount of residual cobalt. This feature is effec- tion of calcium chloride (CaCh) was circulated through 
tive for reducing the degradation of the polybutadiene the jacket at a temperature of - 10° C. 
rubber products. 40 Also, into the cis-l,4-polymerization vessel, diethylal- 

______ cYAAyfPT rrc uminum monochloride was introduced at a flow rate of 

orc^iru. tiAAMrLbb 25.3 g/hr, 1,5-cyclooctadieneataflowrateof 60.0g/hr, 

The present invention will be further explained in the dilauryl-3,3'-thiodipropionate (TPL) at a flow rate of 
following examples. In the examples, the amount of the 7.0 g/hr, and cobalt octoate at a flow rate of 260 mg/hr. 
boiling n-hexane-insoluble fraction of the resultant 45 The resultant first polymerization mixture was stirred at 
polybutadiene rubber was determined by immersing 2 g a temperature of 40° C. for an average residing time of 
of the polybutadiene rubber in 200 ml of n-hexane at 24 minutes to cis-l,4-polymerize the 1,3-butadiene. Dur- 
room temperature, by separating a fraction of the rub- ing the cis-l,4-polymerization procedure, cis-1,4- 
ber insoluble in n-hexane by means of filtration, by polybutadiene was produced at a rate of 3.22 kg/hr. 
extracting the n-hexane insoluble fraction at a boiling 50 The resultant polymer contained 96% or more of cis- 
point of n-hexane by using a Soxhlet's extractor for 4 1,4-structure and had an intrinsic viscosity of 1.8. The 
hours, by separating the non-extracted fraction from content of gel produced in the polymer was 0.02% by 
n-hexane, by drying it under vacuum, and, finally, mea- weight, determined by using a 200 mesh screan. The 
suring the weight of the dried fraction. resultant polymerization mixture in the cis-l,4-poIymer- 

The amount of the boiling n-hexane-soluble fraction 55 ization vessel was introduced at a flow rate of 50 li- 
of the polybutadiene rubber was determined by subject- ters/hr into a 1,2-polymerization vessel of the same type 
ing the resultant extracted solution from the above- as the cis-l,4-polymerization vessel. Also, the 1,2- 
mentioned extraction procedure to an evaporation pro- polymerization vessel was fed with triethylaluminum at 
cedure in which n-hexane was evaporated from the a flow rate of 27.3 g/hr, cobalt octoate at a flow rate of 
solution, drying the residual fraction under vacuum, 60 842 mg/hr, and carbon disulfide at a flow rate of 840 
then measuring the weight of the dried fraction. mg/hr. The resultant second polymerization mixture 

The content of the cis-l,4-structure in the boiling was stirred at a temperature of 40° C. for an average 
n-hexane-soluble fraction in the polybutadiene rubber residing time of 24 minutes so as to 1,2-polymerize the 
and the content of the cis-l,4-structure in the cis-1,4- non-reacted 1,3-butadiene. The resultant polymeriza- 
polymerization product were determined by means of 65 tion mixture was continuously introduced into a poly- 
infrared absorption spectrum analysis (IR). merization shortstopping vessel equipped with stirring 

The content of the 1,2-structure in the boiling n-hex- paddles and was mixed with a small amount of tris (non- 
ane-insoluble fraction of the polybutadiene rubber was ylphenol) phosphite and then with water so as to short- 
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stop the 1,2-polymerization reaction. The resultant mix- By the above-mentioned adsorption procedures, 98% 

ture was introduced at a flow rate of 120 liters/hr into or more of the carbon disulfide was eliminated from the 

a steam stripper equipped with stirring paddles and was isolated organic solvent solution. The resultant solution 

mixed with hot water and saturated steam introduced of 1,3-butadiene in benzene was substantially free from 

into the stripper under a pressure of 4 kg/cm 2 G. The 5 carbon disulfide. 

mixture was dispersed in the hot water so as to allow the The remaining portion of the isolated organic solvent 

volatile substances in the mixture to evaporate away. solution was subjected to another elimination process of 

The resultant aqueous slurry of the polybutadiene was carbon disulfide, and to the same recovery process of 

removed from the steam stripper. The polybutadiene 1,3-butadiene and benzene as that described above, 

rubber in the form of crumbs and Water were separated W That is, 300 liters of the isolated organic solvent solu- 

from the aqueous slurry. The separated polybutadiene tion was mixed with 65 g of hexamethylenediamine. 

rubber was dried at room temperature under vacuum. The mixture was stirred at a room temperature of about 

The above-mentioned procedures were continuously 20 ° c - for 50 minutes. Next, 90 liters of a 1% sodium 

carried out for 14 hours. The polybutadiene rubber was hydroxide aqueous solution was added to the mixture, 

produced at a rate of 3.62 kg/hr. The polybutadiene 15 Tne admixture was vigorously stirred and, thereafter, 

rubber contained 1 1.1% of a boiling n-hexane-insbluble was left standing so as to allow an aqueous phase to be 

fraction having a melting point of 205° C. and a reduced separated from an organic solvent solution phase. After 

viscosity [tj^/C] of 2.1 (dl/g) and containing 93.1% of the aqueous phase was removed, the remaining organic 

1,2-structure. The remaining boiling n-hexane soluble solvent solution was mixed with 90 liters of water, was 

fraction of the polybutadiene rubber contained 96.9% 20 stirred, and was left standing to remove an aqueous 

ofcis-l,4-structure and had an intrinsic viscosity of 1.8. P nase from an or S a nic solvent solution phase. The 

After the polymerization procedures were com- above-mentioned procedures' were repeated twice. The 

pleted, a fresh 1,3-butadiene solution was passed re sultant organic solvent solution was washed with 

through the polymerization apparatus at a flow rate of water md distil,ed to remove a high boiling point sub- 

50 liters/hr for 30 minutes. Thereafter, the polymer 25 sta ^ c e therefrom. 

adhering on the inside surface of the polymerization By the above - m entined procedures, 95% or more of 

vessels and on the surfaces of the stirring paddles was ca f b ? n dlsulfide was removed from the organic solvent 

collected. The collected polymer was dried under vac- solutl °n- The resultant solution of 1,3-butadiene in ben- 

uum. The amount of the polymer collected in the cis- , Zene ^substantially free from carbon disulfide. The 

1,4-polymerization vessel was 18 g containing 3 g of gel. 30 recovered 1,3-butadiene solution was recycled to the 

The amount of the polymer collected in the 1,2-polym- ^'-controlling step, 

erization vessel was 99 g. Example 2 

The volatile substance evaporated from the steam T i ^, , . J 

stripper was cooled and was condensed. The condensed „ The same P ro f d ^s as those described in Example 1 

substance was separated into an aqueous phase and a 35 ^LTame ZZl^ ^7 ^FT*' „ . 

organic solvent phase. The organic solvent phase was de Il^ 38 t tha * 

isolated from the aqueous phase. A portion of the iso- s^I ^ , P • lnt ™*uced at a flow rate of 

lated organic solvent solution was subjected to an eliml iS^?^-" 1 agmg T* i™^"?? ^ 

nation process of carbon disulfide, and to a recovery ^ S£S? a * d >ving an inside volume of 20 liters while 

nmcp^ nf 1 l hntaH«w> »«hwL;„^wi ' 40 diethylalummum monochlonde was introduced at a 

manner l,3 ' bUtadlCne> and benzene m the followm S flow rate of 25.0 g (208 millimoles)/hr into the aging 

The isolated organic solvent solution, which con- ^'J^^S^^ Tfo/an a^aLtsf 
of carbon disulfide and was m an amount of 300 liters, 45 to a temneratnre nf v r th™ i n tr^»~£ o# * 

51 fl££i™« £ %1 ^ ads T 10n C ° l Polymerization vessel as that described in Example 1, 

he rT 7 n T'T ^ adso 5^ lon filIe J while introducing H into the cis- 1,4-polymerization ves^ 
having a height of 70 cm and a diameter of 10 cm and sel , cobalt octoate at a flow rate ^ 2 | 4 (a77 mi ,, 

™Ef?L^^f^ 6 wffn teS ^ a u ail ^ Ie 50 lim °les)/hr, l,5-cyclooctadieneataflowrateof6a0g 

Si rZ T °I ? ai ° n ^ A " 20 ' mad l by < 0 " 556 moles)/hr, and dilauryl-3,3'-thiodipro P ionate 

subishi Chemical Ind It was then passed through a (TPL) at a flow rate of 7.0 g (13.6 millimolesVhr, to 

second absorption column. The second column con- provide the first polymerization mixture. 

^ tl ^ M ^7^ f ^ j w ^^a"^8htof By the cis- 1,4-polymerization procedure at a poly- 

30 cm and diameter of 10 cm and consisted of a strong 55 merization temperature of 40° C. for an average residing 

basic amion exchange resin available under a trademark time of 24 minutes, cis-l,4-polybutadiene was produced 

of Diaion PA-316, made by Mitsubishi Chemical Ind. a t a rate of 3.52 kg/hr. The resultant polymer contained 

This eliminated the carbon disulfide from the organic 98% or more of cis-l,4-structure and had an intrinsic 

solvent soluiton. The organic solvent solution dis- viscosity of 1.9 and on content of gel of 0.01% or less 

charged from the second adsorption column was sub- 60 which was determined by using a 200 mesh screen, 

stantially free from carbon disulfide and was distilled at The resultant polymerization mixture was introduced 

a temperature of 120° C. to 160° C. so as to leave a high at a flow rate of 50 liters/hr into the same type of 1,2- 

boihng point substance. The distilled solution consisted polymerization vessel as that described in Example 1, 

of 1,3-butadiene and benzene and recycled to the water- while introducing, into the 1,2-polymerization vessel, 

controlling step. 65 triethylaluminum at a flow rate of 27.5 g (241 mil- 

The anion exchange resins used were reactivated by limoles)/hr, cobalt octoate at a flow rate of 840 mg (2.36 

treating them with an aqueous HC1 solution and then millimoles)/hr, and carbon disulfide at a flow rate of 

with an aqueous NaOH solution. 750 mg (9.87 millimoles)/hr. The resultant second poly- 
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merizatton mixture was subjected to the 1,2-polymeriza- 
tion under the same conditions as those described in 
Example 1. 

The 1,2-polymerization reaction was shortstopped by 
introducing the polymerization mixture into the same 
type of polymerization shortstopping vessel as that 
described in Example 1 and by mixing it with 2,6-di- 
tert-butyl-4-methylphenol in an amount of 1 part per 
100 parts of the resultant polybutadiene rubber and with 
a small amount of methyl alcohol. 

The procedures ' for producing the polybutadiene 
rubber were continuously carried out for 16 hours. The 
polybutadiene rubber was obtained in an amount of 4,00 
kg/hr and contained 12.0% by weight of the boiling 
n-hexane-insoluble fraction thereof. The boiling n-hex- 
ane-isoluble fraction exhibited a melting point of 205° C. 
and a reduced viscosity [tfcp/C] of 2.1(dl/g) and con- 
tained 93.1% of 1,2-structure. The remaining boiling 
n-hexane-soluble fraction of the resultant polybutadiene 
rubber contained 96.9% of cis-l,4-structure and had an 
intrinsic viscosity [rfi of 1.8. 

After the cis-l,4-polymerization vessel and the 1,2- 
polymerization vessel were washed with the fresh 1,3- 
butadiene solution in the same manner as that described 
in Example 1, it was found that the polymer removed 
from the cis-l,4-polymericzation vessel was in an 
amount of 12 g including 2 g of gel and the polymer 
removed from the 1,2-polymerization vessel was in an 
amount of 98 g. 

The non-reacted 1,3-butadiene, the inert organic sol- 
vent (benzene), and carbon disulfide were recovered by 
the following manner. 

The organic solvent solution was isolated from the 
residue of the resultant polymerization mixture in the 
same manner as that described in Example 1. The iso- 
lated solution contained 15.6% by weight of 1,3-butadi- 
ene and 12 mg/1 of carbon disulfide. 

Three hundred liters of the isolated organic solvent 
solution was passed at a flow rate of 50 liters/hr at a 
temperature of 15° C. to 20° C. through a first absorp- 
tion column containing therein an absorption filler hav- 
ing a height of 70 cm and a diameter of 10 cm and con- 
sisting of a basic anion exchange resin (Amberlite 1R- 
45, containing 5.5 meq/g of amino radicals), and then 
through the same second adsorption column as that 
described in Example 1, to eliminate carbon disulfide 
from the organic solvent solution. The adsorption pro- 
cedure resulted in elimination of carbon disulfide in an 
amount of 98% or more from the isolated organic sol- 
vent solution. The organic solvent solution discharged 
from the second adsorption column was a solution of 
1,3-butadiene in benzene and was free from carbon 
disulfide. 

Examples 3 and 4 

In Example 3, the polybutadiene rubber produced in 
Example 1 was converted into a composition as indi- 
cated in Table 1. 

TABLE 1 
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TABLE 1 -continued 



Component 


Amount (part by weight) 


Sulfur 


1.5 



5 Note: 

OH adsorption: 120 g per 100 g of the carbon black 
Surface area: 85 m 2 per g of the carbon black 



10 



15 



20 



25 



The composition was uniformly mixed by using a 
Bambury mixer having a capacity of 1.7 1 and, then, by 
using a roll mill, and vulcanized at a temperature of 140° 
C. for 30 minutes. The vulcanizing procedure was ap- 
plied to a portion of the composition which was sub- 
jected to the measurement of a cut growth resistance of 
the vulcanized rubber, at 140* C. for 75 minutes. The 
properties of the vulcanized rubber was determined in 
accordance with Japanese Industrial Standard K-6301. 

In Example 4, the same procedures as those described 
in Example 3 were carried out except that the polybuta- 
diene rubber used was one produced in Example 2. 

For the purpose of comparison, the same procedures 
as those mentioned above were carried out, except that 
the polybutadiene rubber was replaced by a commer- 
cially available high cis-l,4-polybutadiene. 

The properties of the vulcanized rubber of the pres- 
ent example and the comparative vulcanized rubber are 
indicated in Table 2. 

TABLE 2 



30 



35 



40 



45 



50 



55 





Ex- 


Ex- 


Comparative 


Item 


ample 3 


ample 4 


Composition 


Hardness 


71 


71 


60 


300% modulus (kg/cm 2 ) 


147 


145 


83 


Ultimate elongation (%) 


400 


400 


540 


Tensile strength (kg/cm 2 ) 


183 


181 


190 


Tear resistance <kg/cm 2 )(*)i 


59 


61 


48 


Resilience % 


50 


50 


64 


Cut growth resistance(*)2 


65,000 


71,000 


3.000 



(•)lThe tear resistance was measured by using B-type dumbbell described in JIS 
K-6301. 

(•JiThe cut growth resistance was measured by the De Mattia flexniachlne and was 
represented by the number of flexing operations at which the length of a crack in a 
testing specimen reached from 2 mm to 15 mm. 

We claim: 

1. A process for producing a polybutadiene rubber 
with enhanced mechanical strength, comprising the 
successive steps of: 

(A) mixing 1,3-butadiene with an inert organic sol- 
vent to provide a 1,3-butadiene solution; 

(B) controlling a concentration of water contained in 
said 1,3-butadiene solution to from 0.2 to 5 milli- 
moles per liter of said 1,3-butadiene solution; 

(C) subjecting a first polymerization mixture which 
comprises said controlled 1,3-butadiene solution 
and a cis-l,4-polymerization catalyst comprising: 
(a) an aluminum catalytic ingredient consisting of 

at least one organic aluminum compound of the 
formula (I): 



AlR*X 3 -„ 



(I) 



Component 



Amount (part by weight) 



Polybutadiene rubber 
HAF Carbon Biack(*) 
Aromatic process oil 
Zinc oxide 
Stearic acid 

Amine type antioxidant 

Cyclohexyl-benzothiazyl 

sulfenamide 



100 
50 
10 



60 



65 



wherein R represents a member selected from 
the group consisting of alkyl radicals having I to 
6 carbon atoms, a phenyl radical and cycloalkyl 
radicals, X represents a halogen atom and n rep- 
resents the number of 1.5 to 2.0, and 
(b) a cobalt catalytic ingredient consisting of at 
least one cobalt compound soluble in said inert 
organic solvent, 
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to a cis-l,4-polymerization to convert at least a 10. The process as claimed in claim 1, wherein the 

portion of said 1,3-butadiene contained in said amount of said cobalt catalytic ingredient (b) in said 

first polymerization mixture to cis-1,4- cis-l,4-polymerization catalyst is at least 0.001 millimole 

polybutadiene; per mole of 1,3-butadiene in said first polymerization 

(D) subjecting a second polymerization mixture 5 mixture. 

which comprises the resultant cis-l,4-polybutadi- 11. The process as claimed in claim 1, wherein the 
ene, non-reacted 1,3-butadiene, the organic sol- molar ratio of said aluminum catalytic ingredient (a) to 
vent, and an 1,2-polymerization catalyst compris- said cobalt ingredient (b) in said cis-l,4-polymerization 
ing: catalyst is at least 5.0. 

(c) a cobalt catalytic ingredient consisting of at 10 12. The process as claimed in claim 1, wherein said 
least one cobalt compound soluble in the inert first polymerization mixture is prepared by mixing the 
organic solvent, controlled 1,3-butadiene solution of step (B) with an 

(d) an aluminum catalytic ingredient consisting of aluminum catalytic ingredient (a*) consisting of at least 
at least one organic aluminum compound of the one organic aluminum compound of the formula (la): 
formula (II): 15 

AIRzX <Ia) 

AIR3 (II) 

wherein R and X are the same as defined above, by 
wherein R is the same as defined above, and a ging the resultant mixture for at least one minute, and, 

(e) carbon disulfide, to a 1,2-polymerization to 20 then, by admixing said aged mixture with said cobalt 
provide a polybutadiene rubber consisting essen- catalytic ingredient (b). 

tially of 5% to 30% by weight of a boiling n-hex- 13 . Th e process ^ claimed in claim 12, wherein said 
ane-insoluble fraction and 95 to 70% of a n-hex- agmg operation is carried out at a temperature of from 
ane-soluble fraction: jq» q t0 gQ° q 

(E) stopping said 1,2-polymerization by adding a 25 14/The process as claimed in claim 12, wherein said 
polymerization shortstopper to the resultant sec- organic aluminum compound of the formula (la) is se- 
ond polymerization mixture; and lected from ^ consisting of diethyl aluminum 

(F) isolatmgthe resultant .polybutadiene rubber from mon ochloride, diethyl aluminum monobromide, and 
the stopped second polymerization mixture. 

2. The process as claimed in claim 1, wherein the 30 
amount of 1,3-butadiene in said 1,3-butadiene solution in 

step (A) is at least 3% based on the sum of the weights from^20^ C^toliO^C 3 
of 1,3-butadiene and said inert organic solvent. 

3. The process as claimed in claim 1, wherein said 

inert organic solvent consists essentially of at least one 35 ToVcTI^3™H"LT/n i^i^^nT 

tMamkar eaionfo/i <v~™ , ,~ „ least 90% of as- 1 ,4-structure and has an intrinsic viscos- 

member selected from the group consisting of aromat c . f f ^ g determined - m toluene at a tempera . 

hydrocarbons, aliphatic hydrocarbons, cycloaliphatic y * ucwauiuuw m wiucnc a F «= a 

hydrocarbons, and halogenated derivatives of the „ L? , • A . , . t u • u 

above-mentioned hydrocarbons. " , 17 ' ™ e P r . oce ? s as ? laime * l \ c]sam *' therein said 

4. The process as claimed in claim 1, wherein in step 40 ? rst Polymerization mixture further contains a molecu- 
(B), the amount of water in said l,3.butadiene solution is ^ wagi modifier and/or an anti-gellmg agent, 
controlled to a range of from 0.5 toi5 millimoles per liter 1 18 . The P rocess a * ^«?ed in claim 1 wherein said 
of said 1,3-butadiene solution aluminum compound of the formula (II) in said 1,2- 

5. The process as claimed in claim 1, wherein said polymerization catalyst is selected from the group con- 
first polymerization mixture is prepared by mixing the 45 SKtm g of tr } eth y l aluminum, tnmethyl aluminum, tniso- 
controlled 1,3-butadiene solution with said cis-1,4- butyl aluminum, and tnphenyl aluminum, 
polymerization catalyst. The P rocess 36 claimed in claim 1, wherein said 

6. The process as claimed in claim 1, wherein said cobalt compound in said 1,2-polymerization catalyst is 
controlled 1,3-butadiene solution is cooled to a tempera- selected from the group consisting of cobalt /3-ketone 
ture of 10° C. or less. 50 complexes, cobalt /3-ketoacid ester complexes, cobalt 

7. The process as claimed in claim 1, wherein said sal *s of organic carboxylic acids having 6 or more car- 
aluminum compound of the formula (I) in said cis-1,4- bon atoms, cobalt halide complexes and cobalt com- 
polymerization catalyst is selected from the group con- plexes coordinated with butadiene. 

sisting of diethyl aluminum monochloride, diethyl alu- 20. The process as claimed in claim 1, wherein said 

minum monobromide, diisobutyl aluminum monochlo- 55 aluminum catalytic ingredient (d) in said 1,2-polymeri- 

ride, and ethyl aliiminum sesquichloride. zation catalyst is in an amount of at least 0.1 millimole 

8. The process as claimed in claim 1, wherein said per mole of said non-reacted 1,3-butadiene in said sec- 
cobalt compound in said cis-l,4-polymerization catalyst ond polymerization mixture. 

is selected from the group consisting of cobalt ^-ketone 21. The process as claimed in claim 1, ^herein said 

complexes, cobalt /3-ketoacid ester complexes, cobalt 60 cobalt catalytic ingredient (c) in said 1,2-polymerization 

salts of organic carboxylic acids having 6 or more car- catalyst is in an amount of at least 0.005 millimole per 

bon atoms, cobalt halide complexes and cobalt com- mole of said non-reacted 1,3-butadiene in said second 

plexes coordinated with butadiene. polymerization mixture. 

9. The process as claimed in claim 1, wherein the 22. The process as ^claimed in claim 1, wherein said 
amount of said aluminum catalyst ingredient (a) in said 65 carbon disulfide in safd 1,2-polymerization catalyst is in 
cis-l,4-polymerization catalyst is at least 0.1 millimole an amount of at least 0.001 millimole per mole of said 
per mole of 1,3-butadiene in said first polymerization non-reacted 1,3-butadiene in said second polymeriza- 
mixture. tion mixture. 



diisobutyl aluminum monochloride. 

15. The process as claimed in claim 1, wherein said 
cis-l,4-polymerization is carried out at a temperature of 

om -20' C. to 80° C, 

16. The process as claimed in claim 1, wherein the 
resultant cis-l,4-polybutadiene in step (C) contains at 



23. The process as claimed in claim 1, wherein said 
1,2-polymerization is carried out at a temperature of 
from -20" C. to 80° C. 

24. The process as claimed in claim 1, wherein said 
second polymerization mixture contains said non- 5 
reacted 1,3-butadiene in a concentration of from 3% to 
35% by weight. 

25. The process as claimed in claim 1, wherein said 
polymerization shortstopper consists of at least one 
member selected from the group consisting of aliphatic 10 
alcohols, water, inorganic acids, organic acids, mono- 
ethanolamine, ammonia, phosphorous esters and hydro- 
gen chloride. 

26. The process as claimed in claim 24, wherein aid 
shotstopper is in the form of a solution thereof dissolved 15 
in water and/or aliphatic liquid alcohols. 

27. The process as claimed in claim 1, wherein the 
isolation of said polybutadiene rubber from the resultant 
1,2-polymerization mixture is carried out by adding a 
precipitation agent to said resultant second polymeriza- 20 
tion mixture in step (F). 

28. The process as claimed in claim 1, wherein the 
isolation of said polybutadiene rubber is carried out by 
evaporating volatile substances from the resultant 1,2- 
polymerization mixture. 25 

29. The process as claimed in claim 1, wherein after 
said polybutadiene rubber is isolated from said 1,2- 
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polymerization mixture, the isolation residue is sub- 
jected to a recovery procedure of a mixture of non- 
reacted 1,3-butadiene and said inert organic solvent, 
which mixture is substantially free from carbon disul- 
fide. 

30. The process as claimed in claim 29, wherein said 
mixture of non-reacted 1,3-butadiene and the inert or- 
ganic solvent is recycled to said step (A). 

31. The process as claimed in claim 29, wherein car- 
bon disulfide is eliminated from said isolation residue. 

32. The process as claimed in claim 31, wherein said 
carbon disulfide is eliminated by means of adsorption 
thereof on an adsorbing agent or of addition reaction 
thereof with a reactant capable of reacting with carbon 
disulfide and of forming an addition reaction product 
insoluble in said inert organic solvent, soluble in water, 
or having a boiling point significantly higher than that 
of 1,3-butadiene and said inert organic solvent. 

33. The process as claimed in claim 32, wherein said 
adsorbing agent consists of a basic anion exchange resin 
containing amino radicals. 

34. The process as claimed in claim 32, wherein said 
reactant consists of at least one nitrogen-containing 
compound selected from the group consisting of ali- 
phatic amine compounds, aromatic amino compound, 
and cycloaliphatic amine compounds. 

***** 
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* y h I3ism* -a-fc > ^— 1 , 4 S-^-lf trftB^SO 

264m? (0.77 5 D •* ^u), 1, 5— 

> £SB#60.0 ? (0.556* TPL(i? 9 ? y 

^ (13.6 3 "J**) £t&U *^SS40*^ iFJej 
f©@B#W24^lc:Tix^-l, 4*^Lfc 0 Z.<F> 
*>X—l, 4fi^-tr«fcS mra^*?(©sKy 

i>£ricfttt35.2k8T-* "9, rcD^yy^^a;> 

» ^±^ f*— 1, 4«it^*r$*i98%i^_hr-*t3, 

C 17 3 *il.9t?*«3 % 200^ y^^-CO^^^fflC^T 

^ L y vu^^io.oi %WFx- h-?fr a 

i'^— 1, 4S^tf t^tS(J)l^i (1, 
' 2M) ir®B#50^CDSU^T-ai^e<J^tt«&L, 

h y if*r*i -•>A,&s»#27.5? (241 s y 

*^), zi,Ov Y * 9 V jc- h ^^Bf840m? (Z36 
S y*^X =lfig<b^i£ttB#750w (9.87 3 y* 
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— ^f-vu— 4 — ^f^7x;- rfAfc: 
120 £ T-<J«6 L , ***** J: 4 fc/aiGW&flfckS 

wsmi*i***j ait , 

i6^rP^ii^«jt3*^ l t, m&mm i ifrMs "9 

^4J-«il!^i*«205-CT-*l3^ Jj,p/C#2.1(di/ 

ttKn w**^tfF»ttfX— 1, 4fltifi&* 

*^SttS»T«% 1. 3— rtf^x-W^M 
>feJffi*«B#50^W^T-304}-ffl«tL/i^ 

fc„ ttm# fx— i, 4m&m-c-te 

129 ittY*>&#Z ?) 1, 2*^«f 

fciHMfc f»&ft.fc)MI CHJiR^f 
aft»6, WTBJi^CLTl, 3—7* 
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ttfl)*-f * >3Z&mm > PA— 316) 

zi&mLtzizmm owwcsak* awsnsio 

cm) t=15~20*C-C^50^COt«^-r^ii*^T— 

NaOHj5fe^Hc<t tlfT'i^fc., «TJE»a»=J; 9, 
|aIlRjg«|«f «©-«Stfb^^tt98?gJ&lJiA*l^* * ft, 

X. > t -* V -tf > t $ IslJft * ftfc„ 

Stt*tS*atLT^Vifv«)J:-5<cl, 3—7 
Eft?* So 

I !7k';i/al, 3 — * V $\ 
2 : WSJSftfclalJKigSiJ* 3, 4 : 
25 5 :f*Rff% 6 1, 4*£&Ic;itx 

7 :1, 2jft6El&W* 8 ^^s?iv 

9 :fMt*>J 7*f^>=*A, 1 

30 sg> J 2 : 3£S3£B, 1 3 : ffMuMfc 2 0-3 

8 : 4 0 : ft^fffihtf. 
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